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Objective: To study the distribution of antibiotic resistant Escherichia coli in the fecal flora of healthy children in Greece. 
Methods: Rectal swabs were collected from 181 children, not suffering from infections and not undergoing antibiotic 
treatment, aged 6 months to 6 years, outpatients of a pediatric hospital, and plated on McConkey agar with ampicillin 
or trimethoprim. Isolated resistant colonies were identified to the species level and E. coli strains were studied further 
by molecular methods. 
Results: Forty-four per cent of the children carried resistant E. coli, and in 20% resistance was transferable. Forty-seven 
per cent of the children with no history of antibiotic consumption during the last year were found to carry resistant 
strains in their feces, and transferable R plasrnids were present in  23% of them. Forty per cent of the strains and 30% of 
the transconjugants were multiresistant. Although plasmids of various molecular weights and restriction endonuclease 
digest patterns were identified, six 60-MDa and four 80-MDa plasmids, originating from epidemiologically unrelated 
children, were found to be similar. 
Conclusion: Normal flora E. coli in  Greece seems to constitute an important reservoir of resistance genes. Eradication 
of resistance from a population that comes into frequent contact with antibiotics seems to be difficult. 
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INTRODUCTION 
The ability of normal flora to cause endogenous 
infections or to transfer resistance determinants to other 
pathogens renders it a very important reservoir of 
resistance genes [I-31. In this respect, the monitoring 
of resistance in normal flora is always of interest and 
should constitute a very important part of the con- 
tinuous national and international antibiotic resistance 
surveillance system [4]. 
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The present report examines the distribution of 
Erclzerichia coli resistant to ampicillin and trimethoprim 
in the fecal flora of healthy children (not suffering 
from infections) in Greece and investigates the main 
responsible molecular mechanisms. Moreover, the 
possible risk factors for the emergence of resistance are 
studied. 
MATERIALS AND METHODS 
Population studied 
One hundred and eighty-one children, 5 months to 6 
years old (mean age 3.9 years, median 3 years), residents 
of the Greater Athens area who visited the outpatient 
department of a large children’s hospital in Athens, 
were examined. Children undergoing antibiotic therapy 
in the last 2 weeks, those presenting with gastro- 
intestinal symptoms or any kind of infection, and those 
reporting a history of hospitalization during the last 
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year, were excluded from the study. Informed parental 
consent was obtained in all occasions. 
Sample collection and processing 
Specimens consisted of rectal swabs. Information on 
demographic and socio-economic factors was recorded. 
Data on antibiotic consumption during the last year 
were obtained from each child’s parents and confirmed 
from the child’s personal social security record. The 
swabs were transferred to the laboratory within 6 h in 
Amies transport medium. 
Swabs were plated on MacConkey agar plates 
containing 10 mg/L of ampicillin or Mueller agar con- 
taining 2 mg/L of trirnethoprim (selective plates). and 
on MacConkey agar without antibiotics (non-selective 
plate). The proportion of Gram-negative lactose-positive 
bacilli, resistant to ampicillin or trimethoprini, was 
determined seniiquantitatively by comparing the growth 
on  antibiotic-containing plates with that on plates with 
no antibiotics. 
From the antibiotic-containing media, represen- 
tative colonies with the appearance of E. coli (one, or 
more if several different gross colonial morphologies 
could be distinguished) were further identified to the 
species level by conventional methods. Isolates identified 
as E. coli were kept on nutrient agar slopes for further 
Children carrying resistant E. coli were defined as 
those from who any nuniber of E. roli isolates resistant 
to either ampicillin or trimethoprini or both was 
recovered. 
study. 
Susceptibility testing 
Antibiotic susceptibility testing was performed by a disk 
diffusion method on Mueller-Hinton agar (Oxoid Ltd, 
Hampshire, UK) using the current recommendations 
of the National Committee for Clinical Laboratory 
Standards. 
Transfer of resistance 
Conjugation experiments were carried out in broth 
as  previously described [ S ] .  The E.  coli K12 strains 
1K716 (Lac-, StrR) and 14R525 (Lac+, NaK) were 
u\ed as recipients. Transconjugants were selected 
on MacConkey dgar containing ampicillin (10 mg/L) 
or Mueller-Hinton agar containing trimethoprim 
( 2  mg/L) and, depending on the recipient, strepto- 
mycin (500 mg/L) or nalidixic acid (40 mg/L). K 
plamiids were consecutively transferred from the 
lactose-positive normal flora E. coli to the lactose- 
neg-ative K12 1R716 and from that to the lactose- 
positive K12 14Rj25. 
Children carrying transferable-resistance E.  coli 
were defined as those in whom the resistant isolates 
recovered could transfer either ampicillin or trimetho- 
prim resistance or both. 
Plasmid DNA analysis 
Plasmid DNA was extracted by an alkaline lysis pro- 
cedure 161. The isolated DNA was analyzed on 0.7L%, 
agarose gels, stained with ethidiuni bromide and 
examined under UV illumination by the BIO-PKOFIL 
(Vilber Lourmat, Marne La Valle France) imaging 
analysis system. 
Restriction endonuclease analysis 
Plasmid DNA was extracted from the transconjugants 
by the method described above and digested with 
EcoRI restriction endonuclease (New England Biolabs, 
Beverly MA, USA), according to the instructions of 
the manufacturer. The digests were subjected to electro- 
phoresis through 0.8% agarose. Hind111 digests of 
bacteriophage lambda provided linear molecular size 
markers. 
Hybridization experiments 
The 296-bp HincII/Pstl fragment of plasmid pBK322 
was used as the TEM-type p-lactamase probe [7). 
The 499-bp HpaI fragment of pFE872 was used as 
the DHFRI-type probe [SJ. Colony and Southern-blot 
hybridizations were performed with a non-radioactive 
DNA labeling and detection kit (Boehringer Mannheim 
Biochemicals, Germany) under high-stringency con- 
ditions as previously described [5]. 
Statistical analysis 
The analysis \vas undertaken by separately modeling 
E. coli resistance and transferable E. coli resistance 
carriage status through multiple logistic regression. 
Predictor variables were: gender, age (less than 2 years 
versus 2 years or more), attendance at a day-care center 
(yes versus no), father’s education as an index ofsocio- 
economic class (elenientary/high school/university), 
number of children in the finiily (1, 2, 3 and over). 
history of antibiotic consumption during the last month 
(yes versus no) and nuniber of times that antibiotics 
were consumed during the previous year (1-2. 3-5, 
over six times). 
Antibiotic resistance 
Eightyeight children of the 181 studied (18.6%) were 
found to carry in their normal fecal flora E. coli resistant 
to the studied antibiotics. Seventy-four (4O.Y%) children 
carried ampicillin-resi~tant E. coli. 38 (21 .O%) trimetho- 
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Table 1 Prevalence of children carrying antibiotic-resistant faecal E. coli in the population studied 
No. Either T M  T M  and 
Type of resistance tectedl or AMP AM" TM AM 
All resistance 
Transferable 
181 88 (48.6%) 74 (40.9%) 38 (21.0%) 25 (13.8%) 
181 39 (21.5%) 34 (18.8%) 14 (7.7%) 9 (5.0%) 
'TM resistant or sensitive. 
',a resistant or sensitive. 
AM, ampicillin; TM, trimethoprim. 
prim-resistant E. coli, and 25 (13.8%) E. coli that was 
both ampicillin and trimethoprim resistant (Table 1). 
Eight (4.4%) children were found to carry multiresistant 
E. coli strains (resistant to ampicillin, trimethoprim, 
chloramphenicol and tetracyclines), and nine children 
(5.0%) carried nalidixic acid-resistant strains (data not 
shown in Table 1). 
Ampicillin resistance was transferable in E.  coli 
isolates from 18.8% of the children, trimethoprim 
resistance was transferable in isolates from 7.7% of 
the children, and both trimethoprim and ampicillin 
resistance were transferable in isolates from 10 children 
(3.0%) (Table 1). 
Risk factors 
The distributions of resistant E.  coli by risk factor 
studied are displayed in Table 2. Girls, younger children 
(2 years old or less), and children from larger families, 
from lower socio-economic classes, attending day-care 
centers (DCCs), and who had consumed antibiotics 
during the previous month (but not during the last 2 
weeks), were more often found to carry antibiotic- 
resistant E. coli. However, multiple regression analysis 
revealed that only young age (2 years or less) could 
be identified as an independent risk factor for the 
emergence of resistance in the population studied. The 
presence of E. coli bearing transferable R plasmids was 
more often found to be associated (Table 2) with female 
gender, younger age, smaller families, attendance at 
IICCs and antibiotic consumption during the previous 
month. Again, multiple regression analysis revealed 
that only female gender could be identified as an 
independent risk factor for the emergence of trans- 
ferable resistance in the population studied. 
Interestingly, 47% of the children with no history 
of antibiotic consumption during the last year were 
found to carry resistant strains in their feces, and 
transferable R plasmids were present in isolates from 
23% of these children (Table 2). 
Microbiological and molecular studies 
The resistance phenotypes of the isolated E. coli and the 
respective transconjugants are shown in Table 3. It can 
Table 2 Prevalence of children carrying antibiotic-resistant 
fecal E. coli in the studied population by risk factor studied 
No. of No. of 
children carrying children carrying 
No. of resistant transferable 
Risk factor children tested E.  mli resistance" 
Gender 
Boys 
Girls 
Age 
1-2 years 
3-7 years 
Missing 
No. of children 
in family 
1 
2 
3+ 
Missing 
Father's education 
0-6 years 
7-12 years 
> 12 years 
Missing 
Attendance at 
day-care center 
Yes 
No 
Missing 
I00 
81 
75 
105 
1 
71 
76 
20 
14 
50 
91 
32 
8 
78 
39 
64 
Antibiotic consumption 
during laFt month 
Yes 12 
No 167 
Missing 2 
Antibiotic use during 
last year 
No use 5'2 
1-2 times 69 
3-5 times 40 
3 B6 times 
Missing 10 
43 (43.0%) 
45 (55.6%) 
39 (52.0%)' 
49 (46.7%) 
34 (47.9%) 
39 (51.3%) 
11 (55.0%) 
26 (52.0%) 
14 (43.8%) 
45 (49.5%) 
43 (55.1%) 
15 (38.5%) 
9 (75.0%) 
79 (47.3%) 
28 (47.5%) 
33 (47.8%) 
21 (52.5%) 
2 (66.7%) 
17 (17.0%) 
22 (27.5%)' 
22 (29.3%) 
17 (16.2%) 
18 (25.4%) 
15 (19.7%) 
4 (20.0%) 
11 (22.0%) 
22 (24.2%) 
6 (18.8%) 
22 (28.2%) 
8 (20.5%) 
3 (25.0%) 
36 (21.6%) 
14 (23.7%) 
13 (21.7%) 
9 (22.5%) 
0 (0.0%) 
"Resistant to either ampicillin or trimethoprim or both 
' p  <0.05 in multiple regression analysis. 
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Table 3 Kcwtancc phenotypes of the isolated normal fecal 
flora E roll and the respective transpoqons 
Remt'ltlcr 
pl1c11otype 
A 
AX 
AX K 
AXT 
AXT K 
AXT K Q  
AXTC 
AXTC Q 
AXTCK 
AXTCKQ 
A TCK 
A T(' 
A T K  
A T  
A (. 
A Q  
X T C  Q 
XTC' 
XT K 
X T  Q 
X T  
All 
E. culi iTolates Trdnhconjugants 
No. '?% NO. %t 
35 36.8 
-I 1.2 
2 2.  I 
6 6.3 
1 I 1  
- 2. I 
4 4.2 
3 3.2 
2 2.1 
3 3.2 
1 1.1 
3 5.3 
1 1.1 
3 3.2 
1 1.1 
3 3.2 
- 2.1 
~ 2.  I 
1 1 . 1  
4 4.2 
7 
10 1 1  
7 
3 
9 5 loo 
17 48.6 
3 8.6 
1 2 9  
- i 7 
- i.7 
3 
7 
1 2.9 
1 2.9 
7 - 57 
1 2.V 
- 5.7 
1 2.9 
7 
A, mipicilliii; X, tniiicthopriin; T, tetracychne; C, chloraiii- 
phenicol, K ,  kmanivcin; Q, nalidixic acid. 
be seen that a variety of phenotypes is found: 36.8% of 
the anipicillin-resistant strains were resistant only to 
this antibiotic, whereas 40.3% were simultaneously 
reTistant to three or  inore drug classes (ampicillin, 
triniethoprini, tetracyclines, kanamycin, nalidixic acid). 
Similarly, 48.6% of  the isolated transconjugants were 
1 2 3 4 5 6 7 8 9 10 11 1213 
resistant only to ampicillin, whereas 28.7% were resistant 
to at least three drug class lines. Interestingly, trimetho- 
prim-resistant isolates and transconjugants were almost 
always multiresistant. 
Antibiotic resistance in the isolated transconjugants 
was found to be  encoded by plasinids of various 
molecular sizes ranging from 30 to 100 MDa (data not 
shown). Although upon EcoKI restriction endonuclease 
digestion these plasmids revealed different patterns, 
indicating genetic diversity, six 60-MDa and four 
80-MDa plasmids bearing resistance only to ampicillin 
were found to be  similar (Figure lB, C). Interestingly, 
PCR fingerprinting of the nornial flora E. coli isolates 
from which these plasmids were recovered, using the 
enterobacterial repetitive intergenic consensus sequence 
(EKICl), was consistent with the spread of these 
plasmids into different E. coli hosts (Figure IA). Colony 
hybridizations revealed that ampicillin resistance was 
due to a TEM-type P-lactamase on  all occasions, 
whereas seven of  the 14 trimethoprim-resistant trans- 
conjugants tested hybridized with the type 1 DHFR 
probe. 
DISCUSSION 
In this study we have chosen to  examine E. C C J / ~ ,  since 
this species is the main aerobic inhabitant of  the human 
gut and is characteristically susceptible to all clinically 
important antibiotics. We feel that the emergence of 
resistance in  this species might be a very good indicator 
of  the emergence of acquired resistance in the human 
normal flora. T h e  selective plating method used in this 
study is considered more sensitive than the replica 
plating method for screening for resistance ctrains [9]. 
1 2 3 4 5  1 2 3 4 5 6 7 8  
B C 
Figure 1 (A) ERIC1 PCK pattcrns of the nornial flora E. roli bearing the similar K plasmitis. Lanes 2-7: thc ux E. ndi 
strains bearing the 60-MDa plasmids. Lanes 8-1 1 : the four E. coli strains bearing the 80-MDa plasmids. Lanes I and 13: 
DNA of h phage digested with HindIII. (B) EcoRI restriction endonuclcasc patterns of the four 80-MDa ampicillin-resistant 
pla\tnids (lanes 2-5). Lane 1: DNA of h phage digested with HindIII. (C) EmRI restriction endonuclease patterns of the six 
6OLMl)a ampicillin-rcsistant plasmids (lanes 2-7). Lanes 1 and 8: DNA of h phage digested v,.ith Hi/idIII. 
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Surveys conducted with hospitalized and healthy 
individuals in diverse areas from developed and develop- 
ing countries have shown a high frequency of naturally 
occurring aerobic Gram-negative bacteria in fecal flora 
with resistance to one or several antimicrobial agents. 
The distribution of children with ampicillin-resistant 
E. coli strains in Boston (USA), Caracas (Venezuela) and 
Qin Pu (China) reported by Lester et al [lo] has been 
found to be 13%, 32% and 26% respectively. A 60% 
resistance rate was also observed in Gram-negative flora 
in general practice patients in the UK [l  11, and similar 
rates were reported in fecal E. coli in The Netherlands 
[ 12,131. High levels ofresistance have also been reported 
in the normal fecal flora from populations in Africa, 
Asia and the Mediterranean region [14-161. The 44% 
isolation rate of antibiotic resistant E. coli in the fecal 
flora observed in the population examined in this study 
is high (Table l), and is in accordance with the similar 
rates of resistance to the commonly used antibiotics in 
B. coli observed both in hospitals and in the community 
in Greece [I71 (WHONET-Greek network, see also 
INTERNET http:\\www.mednet.gr\whonet). 
Antibiotics are the only pharmaceuticals with direct 
societal and environmental consequences. Use of these 
drugs affects not only the individual, but also the 
society at large in terms of its effect on the microbial 
flora [18]. In this respect, mathematical models have 
been used to ascertain the relationship between the 
incidence of antibiotic treatment and the frequency of 
resistant bacteria in the normal human flora, in order 
to define possible thresholds of- antibiotic usage below 
which the flora remains unchanged or reversibly 
changed. These models have predicted that as long as 
individuals in a population are frequently and inter- 
mittently treated with antibiotics and, in the absence of 
treatment, the rate of loss of the resistant cell type is low 
to modest, there will be a substantial frequency of 
resistant E. coli in the enteric flora of this population 
[3]. Interestingly, the main findings of our study, pro- 
vided the population examined can be considered 
representative of the child population in Greece, could 
be regarded as consistent with that prediction: the 
observed high rates of resistance in normal flora E. coli 
could be viewed in the framework of the high rates of 
antibiotic consumption (52.5%) observed by us (Table 
2) and others (Greek Ministry of Health, unpublished 
observations) as well as in the framework of the high 
resistance rate demonstrated among children with no 
history of antibiotic consumption during the year 
before sampling. This high resistance rate is consistent 
with the possible intestinal colonization of these children 
with resistant E.  coli for long periods of time, and 
subsequently with the continuous fecal shedding of 
resistant microorganisms, a fact also demonstrated by 
others [19]. Similar to our findings, Levy et a1 [20] 
reported a high frequency of antibiotic-resistant 
coliforms in the intestinal flora of humans, regardless 
of whether or not they had received antibiotic treat- 
ment. 
Our finding that younger children and children 
from larger families, from lower socio-economic classes, 
attending DCCs, and who had consumed antibiotics 
during the last month (but not during the last 2 weeks), 
were found to be at higher risk for carrying antibiotic- 
resistant E. coli is consistent with other reports in the 
literature [2 11. Nevertheless, multiple regression analysis 
revealed that only female gender and younger age could 
be identified as independent risk factors for the emer- 
gence of resistance or transferable resistance, respec- 
tively, in the population studied. This could be due 
to the small sample in our study. Alternatively, our 
inability to identify groups at risk of being colonized 
with high rates of resistant flora could be regarded as 
consistent with the possible importance of ecological 
and environmental conditions in the epidemiology of 
antibiotic resistance, such as sanitation and the con- 
tamination of food, water or livestock by resistant 
genes, factors that influence the whole population 
Our finding that girls tend to be more often 
colonized by resistant E. coli was unexpected. One 
possible explanation could be the fact that girls tend to 
have urinary tract infections more often than boys and 
so are given antibiotics more often. Nevertheless, this 
finding should be further studied. 
Possible reasons for the observed statistically signi- 
ficant increase in the rate of colonization with E. coli 
bearing R plasmids in children aged less than 1 year 
include high antimicrobial prescribing and the relative 
difficulty of maintaining sufficient standards of hygiene 
in this age group, which facilitates the transmission of 
resistant organisms [15]. Interestingly, Leistevuo et a1 [l] 
did not observe differences in the carriage rates of 
resistance in different age groups, possibly because their 
sample population did not receive antibiotics during 
the previous 3 months. 
Although antibiotic resistance was generally found 
to be due to a variety of different R plasmids, a fact 
consistent with the independent spread of genes and 
transposons [2], a limited degree of plasmid spread was 
also observed. This supports the idea that an appreciable 
part of the spread of resistance might be by a small 
number of plasmids, and consequently its epidemiology 
might be more easily traced. The tendency of the 
resistance genes to cluster in multiresistant strains found 
by us and others [lo] reflects their carriage on plasmids 
and transposons, is possibly the result of multiple 
environmental selective pressures on normal flora, and 
[15,21-231. 
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predicts both frequent treatment failure and consequent 
further overgrowth of resistant strains [lo]. 
The widespread prevalence of the TEM-type 
p-lactaiiiase in the normal flora found by us and others 
[24] has important epidemiologic implications, since 
these enzymes not only complicate current therapy, 
rendering ampicillin ineffective, but also have the 
ability, through point mutations, to produce extended- 
spectruni P-lactamases, as well as to adapt to become 
resistant to p-lactamase inhibitors. Sirmlarly, the relatively 
high rate of resistance to nalidixic acid observed in our 
sample is an indicator of the possible emergence of 
resistance to newer quinolones. 
We have studied the prevalence of type I DHFR 
genes because these trimethoprim-resistant genes seem 
to be the most prevalent in E.  coli clinical isolates in 
Greece [25]. Work is in progress to elucidate the 
molecular epidemiology of triniethoprini resistance as 
well as to understand the mechanisms responsible for 
the high frequency of multiresistance found in normal 
flora in Greece. 
There is some evidence that anipicillin may select 
bacteria harboring plasmids encoding joint resistance to 
anipicillin and trimethoprini [25].  In our sample, 
28.4% of the isolated E.  c d i  mains were resistant to 
both ampicillin and trimethoprirn, whereas in 30.8% 
this resistance was simultaneously transferable (Table 2 ) ,  
and found to be encoded on the same plasnlid (data not 
In conclusion, the results of the present study are 
consistent with the central role of normal flora as a 
reservoir of resistance genes which could be an i n -  
portant public-health problem in Greece. Moreover, 
our results indicate the difficulty of eradicating resistance 
from a population that comes into frequent contact 
with antibiotics. 
shown). 
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